

















The best estimate of the sources of the initial impact m¢ is ~73% anorthosite, ~7%
mangerite and ~20% anodiorite, based on least-squares modeling of major element

compositions of the matrices r flows. Zircon derived from anorthosite can be
distinguished from zircon fr rite and anodiorite on the asis of higher Nb/Ta
and EwEu* ratios and more niti: & Hf values. Zi >n clasts greater than 40
microns in size in the impac ¢s are dominantly or excl vely " ‘ived from
mangerite and granodiorite. ‘con may be poor provenance indicator for target

rock contributors to impact melts.
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more variables than are considered in Fig. 2.13, and the figure cannot be used to
quantitatively predict preserved vesicularity in the melt rocks.

Like crystal nucleation, bubble nucleation depends on cooling rate and on available
sites for nucleation. Vesicles in most terre: 1al lavas dominantly nucleate
heterogeneously (Hurwitz and Navon, 1994), and this is thought to be true in impact
melts as well, where vesicles nucleate on crystals that survive impact melting such as Fe
and Ti oxides (Cluzel et al., 2006; Gardner, 2007) and (to a lesser extent) zircons and
apatites (Hurwitz and Navon, 1994) all of which are present in Mistastin melt rocks.
Clasts could also serve as nucleation sites. In impact melts, there may also be some
homogeneous nucleation, given the intense decompression-induced volatile
oversaturation.

If cooling is sufficiently rapid, a melt can be quenched to a bubble-free glass. At
Mistastin, melt inclusions in suevite are bu >le free and so are basal units (e.g., the unit in
the South Shore outcrop shown  Figure 12C). These basal units are rich in clasts,
incorporated from pulverized be = into the melt as it radiated outward from the impact
site. The incorporation of relati  y cool clasts was an important contribution to the rapid
cooling of the melt (Onorato et al. 1 '8). Millimetre-scale clasts could thermally
equilibrate with a surrounding equi'  ent volume of melt in secc s (Phinney and
Simonds, 1977). Centimetre-scale « sts, though taking minutes to thermally equilibrate,
would cool a mm-scale rind of n  tin seconds. For comparison, the timescale T for

cooling a melt layer of width 4 by t/ rmal conduction is (Carslaw and Jaeger, 1959)

T~ h'/4K (3)
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enriched in volatile elements and the vesicular volcanic rocks from the moon are evidence
that vesicles can form in the Moon’s high- :uum (Heiken et al., 1991). There are even
noteable heterogeneities in the matrix compositions of the melt at Discovery Hill, Coté
Creek. South Shore and North Shore (table 3). When scaled for | vity differences
between Earth and the Moon, lu  craters that would have produced equivalent amounts
of impact melt as at Mistastin would be those of 150-200 km in diametre (French, 1998).

There are more than 45 craters of this size 1 the Moon.

2.12 CONC USION

Mistastin Lake, Labrador, is 1 I-preserved, intermediate-sized (28 km diametre)
terrestrial impact crater in crysta ne rock, dominantly anorthosites. The relationship of
preserved melt thicknesses relative to the crystallization temperatures and vesicularities of
anorthositic impact melt rocks at Mistastin, in addition to variations of groundmass
textures and clast contents of the melt units are significant. They suggest that it is
unlikely that subaerial exposures of npact melt rock formed at Mistastin from a uniform
coherent melt sheet, some 200 m thick. Instead impact melt at Mistastin was probably
dispersed as both channelized 1d ‘et fle s of variable thickness (~80 to 1 m) as a
result of transport across irregul topography of the faulted crater floor and terraced rim.
Lunar craters that produced comparable volumes of anorthositic impact melt as at
Mistastin may exhibit similar heterogeneities in their melt rock products, which should be
considered in attempts to determine genetic relationships between lunar impact melt
breccias of similar ages. Them 1 of comparing vesicularity and crystallization

temperature of impact melt rocks with preserved unit thickness could be applied to other
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terrestrial craters where pre-erosional melt rock volumes are unclear.
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Table 1. Densities of low vesicularity, clast-poor impact melt rocks from Discovery
Hill.

PArch. Pealel Pcalc2 Qscan
Sample ;
(g/cm’) 1% H,0, (%)
CMO037 2.642 2.714 2.62/ 0.24
CM042 2.656 2.69 2.606 0.62
CM043 2.611 2.2 2.637 0.26
CM044 2.625,2.681 7 655 2.581 0.32
Pacch. 1 the density measured using :thoa; peq.: is density calculated using KWare
Magma, for different water content es (see text for details). =Fe,O3/(FeO+Fe;0:). Qsean
is the vesicularity determined by th )d. Densities are calculated at T=20°C.
Samples CMO042-44 were collectec south side of the Discovery Hill melt outcrop and

sample CMO037 was collected from n from the top of the north side of the Discovery Hill

outcrop.












high and low concentrations of high-field strength elements (HFSE; Ti, Zr, Nb) and Fe,
Ba, Ce and Y. High HFSE-type melt rocks formed when impact melt entrained large
quantities of clasts from mangerite, which is rich in HFSE. Matrix compositions of bulk
samples do not show the HFSE ¢ itinction 1t are affected by the introduction of low-
temperature melts from the clasts to form dispersed, micron-scale silica-rich
heterogeneities. Both clast entrainment and melting are more extensive for the thicker
flow units, which had a higl '] 1t capacity for melting and cooled more slowly than
thinner flows.

The best estimate of the sources of the initial impact melt is ~73% anorthosite, ~7%
mangerite and ~20% granodiorite,  ed on least-squares modeling of major element
compositions of the matrices of  nner flows. Zircon derived from anorthosite can be
distinguished from zircon from | serite  d granodiorite on the basis of higher Nb/Ta
and EwEu* ratios and more n- ~—-tive initial € Hf values. Zircon clasts greater than 40
microns in size in the impact me rocks are dominantly or exclusively derived from
mangerite and granodiorite. Hence zircon ay be a poor provenance indicator for target

rock contributors to impact melts.






































































































entrained clasts and partial to complete me  of the clasts. The micrometre-scale
heterogeneities tend to be averaged out in| |k analyses of hand-sized samples of impact
melt rocks.

There is no evidence that rcon derived from anorthosite target rocks survived impact
and is preferentially enriched as clasts in the impact m« s relative to zircon sourced from
mangerite and an« “orite. In :t, if anorthosite-derived zircon is present as clasts in
the impact melt rocks at all, the as must have been comminuted to sizes less than 40

microns by fracturing and splintt  ng.
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A.3 MICROPROBE ANALYSIS OF FE DSPARS

To help determine the role of clasts in impact melts, feldspar minerals in the target
rocks and as clasts in melt rocks were analyzed. Analyses were completed on the JEOL
JXA-733 Superprobe at the University of New Brunswick, Canada, with a 3 pm beam at
15kV and 20nA. The resulting ¢ a from1 :se analyses were not detailed in this study as
McCormick et al. (1989) comp :d a much more comprehensive analysis and
conclusions. Which are that the ¢t prop tions do not necessarily represent target rock

contributions in impact melts. This is in agreement with zircon results in chapter 3.
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